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United States Patent Office 3,114,518 
Patented Dec. 17, 1963 

1. 

3,14,518 
MAGNETIC DESPN MECHANISM 

Robert E. Fischel, Silver. Spring, Md., assignor to the 
United States of America as represented by the Secre 
tary of the Navy 

Fied Jan. 18, 1961, Ser. No. 83,603 
13 Claims. (C. 244-1) 

The present invention relates in general to satellite 
control and more particularly to structure for damping 
the angular motions of satellites in space. 
To control the motions of an earth satellite it is nec 

essary to have something to exert a force against. Al 
though mechanical devices internal to the satellite make 
it possible to move one part of the satellite relative to 
another, they do not offer a system whereby the angular 
momentum of the structure as a whole can be altered. 
To accomplish a change in the angular momentum of 
an earth satellite, it is necessary to transfer momentum 
to another body. Several media are available in the en 
vironment of an earth satellite to effect this momentum 
transfer. Some of these media to which angular mo 
mentum could be transferred are gas molecules, photons 
(radiating from the sun), the earth's gravitational field 
and the earth's magnetic field. Of all these media for 
momentum transfer, the relatively large force that can 
be exerted on an earth satellite by means of the earth's 
magnetic field make it appear most feasible as a means 
for motional control. 

Satellites are usually caused to spin about their axes 
as part of the launching process. This is usually re 
quired to stabilize the satellite as it is injected into orbit. 
However, the frequency of radio transmission from an 
orbiting satellite is modulated by the spin rate of the satel 
lite. This is certainly an undesirable situation for orbit 
ing vehicles which require a high order of frequency sta 
bility. 
The invention contemplates the incorporation into an 

earth satellite of a number of permeable rods suitably 
oriented in a lattice formation such that eddy current, 
hysteresis, and shorted coil damping will act upon the 
vehicle to eliminate its angular motions. 

Accordingly, it is an object of the present invention 
to provide apparatus through which the magnetic field of 
the earth can be utilized for the control of the angular 
motions of an earth satellite. 

It is a further object of the invention to provide an ap 
paratus of simple lattice structure for abating the rota 
tional motion of a satellite in orbit. 

It is another object of the invention to provide an ap 
paratus for reducing the spin rate of an orbiting satellite 
by eddy current-and hysteresis damping. 

. Still another object of the invention is to provide an 
apparatus for reducing the spin rate of an orbiting satel 
lite by eddy current, hysteresis and shorted coil damping. 

Other objects, and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings, wherein: 

FIG. 1 is a diagrammatic representation of a satellite 
embodying the invention; 

FIG. 2 is a representation of a permeable rod spinning 
in a magnetic field; 

FIG. 3 is a graphical comparison of the hysteresis loops 
for two permeable rods having different length-to-diam 
eter ratios; 

FIG. 4 is a graphical indication of the change in 
hysteresis loop area with increase in permeable bar sep 
aration; - 

FIG. 5 discloses an embodiment of the instant inven 
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tion in which shorted coils are included on the permeable 
rods; and 

FiG. 6 discloses an alternate embodiment of the in 
stant invention. 
The fact that satellite spin will be reduced as the re 

Sult of eddy currents induced by the rotation of the struc 
ture in the earth's magnetic field has been established 
by long term observations of prior satellites. These ed 
dy current losses depend to a great extent upon the amount 
of ferromagnetic material carried by the satellite. In 
prior satellites the eddy current damping was due almost 
entirely to the spinning aluminum structure of the satel 
lite. 
The inclusion of magnetic permeable materials in a 

satellite will considerably increase the eddy current damp 
ing. Accordingly, the invention contemplates the devel 
opment of a high eddy current loss through the incor 
poration into a satellite of a number of permeable mag 
netic rods. 

FIG. 1 discloses an earth satellite, indicated generally 
at , having an upper section 3, an identical lower sec 
tion 5, and a central section 7, all of which when com 
bined form a spherical body. The upper and lower 
sections 3 and 5 contain identical pairs of omnidirection 
al equiangular spiral antennas 4 and 6. Central section 
7 contains two banks of solar cells 9 which extend about 
the entire perimeter of the section. 
The invention as proposed takes the form of four pairs 

of permeable magnetic rods lying in two parallel planes 
in the upper and lower sections of the satellite. The up 
per section 3 contains four despin rods arranged in two 
mutually perpendicular pairs 11 and 13. The lower sec 
tion 5 also contains four despin rods arranged in two mu 
tually perpendicular pairs E5 and 7. The rods of each 
pair are arranged so as to be parallel to each other. The 
bars in the upper and lower sections lie in parallel planes 
but the longitudinal axis of pairs 5 and 17 are displaced 
from the longitudinal axis of pairs 11 and 13 by an an 
gle of 45°. This orientation, as illustrated in FIG. 1, 
Will produce maximum damping and is necessary to pro 
vide maximum separation effect which will be explained 
below. - 

The Satellite also contains a mechanical despin mech 
anism in the form of a pair of weights 20 (one not shown) 
located on diametrically opposite sides of the satellite on 
the satellite's equator. In operation the two weights are 
deployed on cables from opposite sides of the satellite 
thereby changing the moment of inertia of the rotating 
body and substantially reducing its spin. This mechan 
ical despin mechanism will reduce the satellite spin rate 
only to a definite minimum value and when this value is 
reached the mechanism is released. It is then up to the 
permeable rods to eliminate further spin. Of course, the 
permeable rods may be used alone for total spin removal 
as will be shown below. 
The spin rate as a function of time for eddy current 

damping can be calculated and results in the following relationship 
f=fe-(kc/4') (r.p.s.) 

where ke is the damping coefficient 
ke=4.617°np 1CB,?) VD2x 10-18 (ft.-b-sec.) (2) 

In the above equations 

(1) 

fo=initial spin rate at time t=0 
I=Spin moment of inertia of the satellite (slug-ft.2) 
n =number of rods in the satellite 
p=resistivity of the rods (ohm-cm.) 

<Bm – average value over an orbital period of square 
of the peak flux density causing eddy currents 

V=volume of rod (cm3) 
D=diameter of rod (cm.) 
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Since the spin rate as a function of time, represented by 
Equation 1, is an exponential function, it is clear that ed 
dy current damping alone will not reduce the rotational 
motion of the satellite to zero. The spin rate will ex 
ponentially approach zero but will not reach zero in a 
finite time. As a result, further damping is necessary. 

Fortunately, the additional damping needed to com 
pletely eliminate Satellite spin may be achieved through 
the same permeable rods which furnish eddy current 
damping. These magnetic rods will remove the kinetic 
energy of Spin by means of hysteresis damping as well as 
eddy current damping. 

FIG. 2 shows a rod turning in the earth's magnetic 
field. As the rod rotates it experiences a magnetic field 
along its length which varies sinusoidally at the rate of 
spin and with a peak amplitude equal to the intensity 
of the earth's magnetic field normal to the direction of 
Spin. As the magnetic rod undergoes changes in the 
magnetic field it traverses its hysteresis loop. The area 
of the hysteresis loop is proportional to the rate of energy 
loss per cycle. This rate of loss is given by the equation 

W-Y (3) 47t HdB (ergs/cycle) 
where 

Y=total volume of the magnetic rods and 
HdB=area of the hysteresis loop in gauss-oersteds. 
For some materials the hysteresis loss is greater than 

for others. Materials are rated by their hysteresis loop 
area to determine which will provide the greatest loss for 
tile values of magnetic field intensity encountered in or 
bit. Several materials have been found suitable for the 
purpose of the invention but AEM-4750 (an alloy of 
47.5% iron) was found to have a particularly high hys 
teresis loss at the field intensities encountered by near 
earth satellites. It is to be understood that the practice 
of the instant invention is not limited to the use of this 
particular material. 

it should also be recognized that the composition of 
the rods may be varied to alter the damping properties 
thereof. That is, permeable rods with various ratios of 
hysteresis to eddy current damping will provide more or 
less linear or exponential decay of the spin rate or damp 
ling. 
Not only must a best material be selected for optimum 

hysteresis damping, but also the optimum length to di 
ameter ratio (L/D) must be selected for the rods. The 
physical dimensions of the satellite restrict the maximum 
length of the permeable rods. Although total hysteresis 
loss in the satellite is proportional to the volume of the 
rods, increasing the diameter of the rod can result in a 
decreasing hysteresis loss due to the fact that the length 
to diameter ratio is also decreased. An illustration of 
the effect of length to diameter ratio on hysteresis loss 
is shown in FIG. 3. Both rods tested were of the same 
length. Although the permeable rod with an L/D ratio 
of 124 had four times the volume of the rod having an 
L/D ratio of 248, the increased hysteresis loop area of 
the smaller diameter caused it loss to be 20% greater on 
a per rod basis. 

Another phenomenon closely related to length to di 
ameter ratio is termed “separation effect.” If two rods 
are placed close together with their longitudinal axes 
parallel, they act somewhat as if they were one rod with 
a decreased L/D ratio. This effect is illustrated in FIG. 
4 which shows the relation between hysteresis loop area 
and separation distance. It is thus seen that to obtain op 
timum magnetic damping, one cannot merely place large 
numbers of thin long rods parallel and in close relation 
to each other. 
The spin rate as a function of time for hysteresis damp 

ing is 
kh 

f=f-lift (r.p.s.) (4) 
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where kh is the damping coefficient 

1.844 
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in the above equations 
<f HaB) = average area of the hysteresis loop for the pe 

riod of one orbit 
==Spin moment of inertia of the satellite 
n = number of rods in the satellite 
V=volume of a rod (cm.3) 

It is seen from the above result that the angular rate of 
spin of the satellite will decrease linearly with time, and 
will actually go to zero revolutions per second (with re 
spect to the ambient magnetic field) in a finite time. This 
is distinctly different from the case of eddy current (or 
shorted coil) damping where the spin rate decreases ex 
ponentially. 

In addition to eddy current and hysteresis damping, 
additional damping may be achieved by including a short 
ed coil on each permeable rod. It is a well known fact 
that if the rotor of a dynamo is shorted, it will rapidly 
come to a stop. A satellite can be made to stop spinning 
in a similar manner by shorting a coil of wire that has 
been wound on a permeable core within the satellite 
structure. According to the invention the permeable rods 
incorporated in the satellite for eddy current and hystere 
sis damping may be used as the permeable core for the 
shorted coil. 

FIG. 5 shows the embodiment of the invention utilizing 
the shorted coils and the general location of the coils 
on the permeable rods. Each of the rods should be 
tightly wound at its center with one hundred or more 
turns of enameled (Formvar) wire. The winding is to 
be in a single layer and should not be so tight as to 
stress the permeable rod. The number of turns in the 
coil, the coil resistance, and the size of wire used may be 
varied to comply with specific design considerations. 
The coil resistance is selected so that it is equal to the 
coil inductive reactance at the initial spin frequency. 
To find the equation of spin rate as a function of 

time for shorted coil damping, the same procedure is 
followed as for eddy current damping. If the coil is 
designed to have a high resistance compared to its induc 
tive reactance at the satellite spin rate, the spin rate as 
a function of time can be found by substituting ks for ke 
from Equation 1, therefore: 

(6) 
where 

k=1.475nRNPA2<Bm2)x1016 (ft.-lbs.-sec.) 
(7) 

In the above equations 
R= coil resistance (ohms) 
A=cross-sectional area of the rod (cm.) 

<B22s=average value over an orbital period of the 
peak flux density linked by the shorted coil. 
As in the case of eddy current damping, the spin rate 

decreases exponentially. The advantage of shorted coil 
damping is the fact that the number of turns of the coil 
can be made large, providing a damping coefficient many 
?times the value of that available with eddy current damp 
ing alone. 
A distinct advantage is realized through the use of a 

shorted coil alone to effect satellite damping. When de 
spin has been accomplished through the use of a perme 
able rod, a residual moment remains in the rod. This 
will cause small oscillatory motions in the satellite body 
which are highly objectionable. If a shorted coil is used 
without a permeable rod to effect damping, no residual 
dipole moment will remain upon completion of the despin 
operation. 

This residual dipole moment may also be minimized 
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through the use of three sets of permeable rods (with or 
without shorted coils) mounted as shown in FIG. 6 along 
three perpendicular axes. Some of the rods will be in 
effectual to damp the satellite's spin but will serve to 
neutralize the residual dipole moment remaining at the 
conclusion of the despin operation. The rods may be 
arranged in any manner so long as their axes are perpen 
dicular. 
The use of permeable rods with shorted coils to effect 

damping of satellite spin has many distinct advantages. 
The rods are small in overall size and therefore may be 
incorporated into a satellite with little loss of valuable 
space and little increase in weight. In addition the 
system contains no moving parts and requires no source 
of driving power making it very dependable and efficient. 
In general the invention provides a very simple, efficient, 
and dependable system for stabilizing the angular motion 
of satellites in space. 

Obviously, many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
What is claimed is: 
1. A space vehicle having a spherical body, and mag 

netic means within the sphere for eliminating angular 
rotation of the space vehicle in orbit, said means com 
prising a plurality of permeable magnetic rods. 

2. A space vehicle as recited in claim 1 wherein each 
of said rods has a shorted coil wound about its center 
portion. 

3. A despin mechanism for an earth satellite, com 
prising a first set of permeable rods and a second set of 
permeable rods lying in parallel planes within the satel 
lite, and a shorted coil wound about the center portion 
of each permeable rod. 

4. A despin mechanism for an earth satellite, com 
prising a first pair of parallel permeable rods, a second 
pair of parallel permeable rods perpendicular to said first 
pair of rods and contiguous thereto, each of said perme 
able rods having a length to diameter ratio greater than 
100 and the rods of each pair being spaced from each 
other by a predetermined amount. 

5. A despin mechanism for an earth satellite, com 
prising a first lattice of permeable rods and a second lat 
tice of permeable rods, said first lattice and said second 
lattice lying in spaced parallel planes within the body of 
the satellite and being angularly disposed by 45 with 
respect to each other, said permeable rods having a length 
to diameter ratio of greater than 100. 

6. A despin mechanism as recited in claim 5, wherein 
each lattice is composed of two mutually perpendicular 
pairs of rods, the rods of each pair being separated by a 
distance in excess of 30 rod diameters. 

7. In a space vehicle of spherical shape, a despin 
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6 
mechanism comprising a first lattice of permeable mag 
netic rods lying in a plane above the equator of the 
sphere and a second lattice of permeable magnetic rods 
lying in a plane below the equator of the sphere, the 
upper plane and the lower plane being parallel to each 
other and to the plane through the equator of the sphere, 
each lattice being composed of two mutually perpendicu 
lar pairs of parallel rods, each rod having a length to 
diameter ratio greater than 100. 

8. A despin mechanism as recited in claim 7, wherein 
a shortened coil is wound on the center portion of each of 
the rods. 

9. A despin mechanism as recited in claim 8 wherein 
the lower lattice is rotatably displaced with respect to 
the upper lattice by an angle of 45° and the rods of each 
pair are separated by a distance equal to at least 30 rod 
diameters. 

10. A space vehicle comprising a spherical body having 
an upper section, a lower section, and a ring-like center 
section, said upper and lower sections each containing a 
first and second pair of permeable rods, said first pair 
in each section being positioned so as to be mutually 
perpendicular to said second pair of rods, said upper 
pairs and said lower pairs lying in spaced parallel planes 
with the longitudinal axes of the lower pairs displaced 
from the longitudinal axes of the upper pairs by an angle 
of 45, the rods of each pair being separated by at least 
30 rod diameters, and a shorted coil wound on the center 
portion of each rod. 

11. An earth satellite having a spherical body, and a 
helical coil of wire having its ends connected in short 
circuit relationship mounted within the spherical body 
with its axis perpendicular to the spin axis of the body 
for eliminating angular rotation of the satellite in orbit. 

12. A despin apparatus for earth satellites comprising 
three pairs of parallel permeable rods mounted within 
the satellite body along three mutually perpendicular axes. 

13. A despin apparatus as defined in claim 12, wherein 
each rod has a shorted coil of wire wound about its 
center. 
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